Abstract
Introduction
The function of the online leakage detection system of high-pressure heater is shown in Figure 1 : The function of error calculation is fulfilled by the sub-template in the LabVIEW functions palette. Figure 5 is the flow chart of the procedure. The signal is stored in the text file format with .txt being the suffix of the filename. In order to distinguish the stored signals, the file is named after the system time when the computer is collecting signals. The signal is automatically stored in a default file every time signal collection is finished. The storage process is shown in Figure 6 .
Copyright ⓒ 2015 SERSC The present study uses the FFT transformed cross-correlation function and LabVIEW program to do the cross-correlation analysis of the leakage signal in the internal pipeline of the heater. In this way, this paper can get transition time τ and locate the leakage points in the high-pressure heaters.
First of all, the acoustic emission signals collected from the dual channels undergo filtering and FFT. Then the curve of the correlation analysis is obtained. Finally, use the peak points of the curve and their locations to obtain transition time τ. The process is illustrated in Figure 7 . Programming enables the computer to read signals from the acquisition cards and put the signal data in a pre-allocated memory for further processing. The parameter most relevant to data collection is sampling rate s f , the number of data points collected by the acquisition cards per minute; another most relevant parameter is s n , the number of data points read from the cards by the computer every time. The two are different because s f is a parameter used for data collection performed by the acquisition cards and is influenced by the performance of the cards, while s n is influenced by the computer. Also, the value of s n is related to that of s f . Normally, the former is 1/2 to 1/4 of that of the latter so that the data can be updated two to four times per minute, which makes it convenient to observe their change. The improperly large value is inclined to make the computer run out of memory [1] [2] [3] [4] [5] . The structure of data collection is shown in figure 8 . Start signal collection and access. After the collection is started, signal access VI keeps accessing data until the system gives the order to stop. Figure 9 is the flow chart of the signal collection system. Signal collection can be carried out when the sampling of the censor is set up correctly. When the set-up module is completed, the related sampling parameters are input to collection module to help fulfill signal collection. Signal analysis processing module is made up of the real-time data display part, the alarm zone, the real-time curve display part, modal analysis part, etc.
Figure 8. Structure of Data Collection
There are two ways to carry out modal analysis. One is to use the method of multipoints adjustment incentive to directly get the "pure modal" of the system as well as related parameters; the other method is to find out the "frequency response function "between the incentive points and the survey points through the single-point incentive.
Then it establishes the frequency response function matrix to perform analysis and obtain the modal shape in each order as well as the related modal parameters. This paper applies the second method to carry out modal analysis. The physical significance of the frequency response function lies in the response of point i provoked by the unit force exerted on point j. This paper deduces the response formula from past literature [6] [7] [8] [9] [10] which is shown below.  is damping ratio; r  is r order natural frequency.
Suppose the excitation force F j is only exerted on point j in the structure, then
Based on the definition, the frequency response function is:
 , according to linear superposition principle, there should be
Expand formula (8) Based on the resolution principles of the frequency response function and using MP_FRF synthesis and MP_FDPI analytic function, the system obtains the information of the frequency response function illustrated in Figure 10 .
Figure10. Resolution of the Frequency Response Function
The modal analysis part of this system is a program of the modal analysis in the dynamical property analysis. It reflects real-time modal changes of the whole pipeline vibration after its wall starts vibrating. Figure 11 illustrates the modal analysis.
Figure11. The Flow Chart of the Modal Analysis

System Performance Test
To test the accuracy and reliability of the leakage failure detection system of heater, the present study takes the PCI-2acoustic emission detection system as reference, and uses the two systems to conduct comparison experiments of the high-pressure heater leakage failure under the leakage conditions in the test bench. The PCI-2acoustic emission detector, produced in America, is a world renowned acoustic emission signals detector with high detection precision and reliable data. If the results gained by the system developed by the present study are largely different from that achieved by the PCI2acoustic emission detection system, the former system should be adjusted and improved until its results are similar to the referred ones. If the results drawn by the two systems are basically the same, the leakage failure detection system of heater performs accurately and reliably.
Test method The plan of system performance test consists of two parts: Test of signal processing function Because the hardware may exert certain influence on data collection, the study takes the experimental data acquired by PCI-2acoustic emission detection system under different leakage conditions as the standards to test the reliability and accuracy of the signal processing function of the leakage failure detection system of heater.
test of overall system performance The present study uses the two systems to test the acoustic emission signals sent by the tested heater under different leakage conditions, and also measures and records the time and amount of the leakage under each condition. Then, it analyzes and compares two changing curves of the feature parameters of acoustic emission signal of leakage over different pressures gained by two systems. In this way, the sensitivity of the leakage failure detection system is tested. For the precision and accuracy of the quantitative detection of the system, the study calculates and analyzes the error between the standard leakage rate and the actual leakage rate.
Verification of the Signal Processing Performance Test
In this part, the paper takes the analyzed results of the acoustic emission signals under different working conditions as a case study, to verify the performance superiority of the leakage failure detection system of heater. Figure 12 -16 prove that the amplitudes of the time-domain waveforms and frequency spectrograms of the two systems increase as the leak and the pressure grow. When the leaks and pressures of the two systems are the same, the amplitudes of the time-domain waveforms have the same orders of magnitude. As for frequency domain, the heater acoustic emission signals of leakage in both systems have peaks near 40kHz and 150kHz respectively, and distribute between 32kz~60kHz and 135kHz ~170kHz respectively. The sizes of the two peaks increase as the leak and pressure grow but are basic the same. Furthermore, by comparing the two systems, this paper finds that PCI-2acoustic emission detection system cannot eliminate the unwanted signals effectively because there are always two to three peaks near 200kHz~300kHz which are noise signals according to literature records and theoretical analysis. However, the leakage failure detection system of heater can effectively eliminate these signals. Therefore, its software system has strong filtering capability and acts accurately and reliably in signal processing.
Conclusion
By taking the experimental data acquired by PCI-2acoustic emission detection system under different leakage conditions as the standards and comparing them with the results produced by the system developed by the present study, this paper concludes that the leakage failure detection system of heater can eliminate noise in the environment effectively, and analyze and process the acoustic emission signal of leakage accurately.
